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An occupant monitoring device includes: an acquisition unit
that acquires a captured 1mage obtained by 1maging a region
in which there 1s a probability that a face of an occupant 1s
present 1n a vehicle; a determination unit that determines
whether the captured image acquired by the acquisition unit
corresponds to a first image including the face a part of
which 1s hidden by an accessory or a second 1mage including
the face a part of which 1s hidden by a non-accessory object
other than the accessory; and a processing unit that detects
face information regarding the face of the occupant based on
the captured image 1n different modes according to a deter-
mination result in the determination unit, and monitors a
state change of the face of the occupant based on a detection
result.
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OCCUPANT MONITORING DEVICE,
OCCUPANT MONITORING METHOD, AND
OCCUPANT MONITORING PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority under 335
U.S.C. § 119 to Japanese Patent Application 2018-181801,
filed on Sep. 27, 2018, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD

This disclosure relates an occupant monitoring device, an
occupant monitoring method, and an occupant monitoring
program.

BACKGROUND DISCUSSION

In the related art, there 1s a techmique 1n which an
occupant monitoring process including detection (and track-
ing of detected face information) of face information regard-
ing an occupant’s face based on a captured image obtained
by 1maging the occupant’s face of a vehicle, and thus a state
change of the occupant’s face 1s monitored. In the related art,
in a case where a part ol an occupant’s face 1s hidden by an
accessory such as a mask or sunglasses, an occupant moni-
toring process may be executed in different modes depend-
Ing on an accessory wearing status.

In the related art, a situation i which a part of an
occupant’s face 1s hidden may also occur due to a non-
accessory object that 1s not an accessory, such as the
occupant’s hand or a mobile phone 1n addition to an acces-
sory such as a mask or sunglasses. However, 1n the related
art, since the situation 1n which a part of an occupant’s face
1s hidden by a non-accessory object 1s not supposed, 1n a
case where a part of the occupant’s face 1s hidden, the
occupant monitoring process may be executed 1n an 1denti-
cal mode regardless of whether a cause of hiding 1s an
accessory or a non-accessory object.

Here, generally, the degree of hiding of an occupant’s face
differs between an accessory and a non-accessory object. For
example, a portion of a face hidden by an accessory 1is
defined to be constant according to the type of accessory, but
a portion of a face hidden by a non-accessory object vari-
ously changes according to the type of non-accessory object
or time, and 1s thus hardly defined to be constant. Therefore,
when the occupant monitoring process 1s executed 1 an
identical mode 1n a case where a part of the occupant’s face
1s hidden by an accessory and 1n a case where a part of the
occupant’s face 1s hidden by a non-accessory object, the
accuracy of the occupant monitoring process may be
reduced.

Thus, a need exists for an occupant monitoring device, an
occupant monitoring method, and an occupant monitoring
program which are not susceptible to the drawback men-
tioned above.

SUMMARY

An occupant monitoring device as an example of this
disclosure includes an acquisition unit that acquires a cap-
tured 1mage obtained by 1maging a region in which there 1s
a probability that a face of an occupant 1s present in a
vehicle; a determination unit that determines whether the
captured 1image acquired by the acquisition unit corresponds
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to a first image including the face a part of which 1s hidden
by an accessory or a second 1image including the face a part
of which 1s hidden by a non-accessory object other than the
accessory; and a processing unit that detects face informa-
tion regarding the face of the occupant based on the captured
image 1n different modes according to a determination result
in the determination unit, and monitors a state change of the
face of the occupant based on a detection result.

The occupant monitoring device can make modes of
detecting face information different in a case where a part of
a Tace of an occupant 1s hidden by an accessory and a case
where a part of the face of the occupant 1s hidden by a
non-accessory object, and can thus improve the accuracy of
an occupant monitoring process.

An occupant monitoring method as another example of
this disclosure includes an acquisition step of acquiring a
captured 1image obtained by imaging a region in which there
1s a probability that a face of an occupant 1s present 1n a
vehicle; a determination step of determining whether the
captured 1image acquired in the acquisition step corresponds
to a first 1image 1ncluding the face a part of which 1s hidden
by an accessory or a second 1mage including the face a part
of which 1s hidden by a non-accessory object other than the
accessory; and a processing step of detecting face informa-
tion regarding the face of the occupant based on the captured
image 1n different modes according to a determination result
in the determination step, and monitoring a state change of
the face of the occupant based on a detection result.

According to the occupant monitoring method, 1t 15 pos-
sible to make modes of detecting face information different
in a case where a part of a face of an occupant 1s hidden by
an accessory and a case where a part of the face of the
occupant 1s hidden by a non-accessory object, and thus to
improve the accuracy of an occupant monitoring process.

An occupant monitoring program as still another example
of this disclosure causes a computer to execute an acquisi-
tion step of acquiring a captured image obtained by 1maging
a region in which there 1s a probability that a face of an
occupant 1s present in a vehicle; a determination step of
determining whether the captured image acquired in the
acquisition step corresponds to a first image including the
face a part of which 1s hidden by an accessory or a second
image including the face a part of which 1s ludden by a
non-accessory object other than the accessory; and a pro-
cessing step of detecting face information regarding the face
of the occupant based on the captured image in different
modes according to a determination result in the determi-
nation step, and monitoring a state change of the face of the
occupant based on a detection result.

According to the occupant monitoring program, it 1s
possible to make modes of detecting face information dif-
ferent 1n a case where a part of a face of an occupant 1s
hidden by an accessory and a case where a part of the face
of the occupant 1s hidden by a non-accessory object, and

thus to improve the accuracy of an occupant monitoring
Process.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the
tollowing detailed description considered with the reference
to the accompanying drawings, wherein:

FIG. 1 1s an exemplary and schematic diagram illustrating
an example of a configuration of a vehicle according to an
embodiment;
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FIG. 2 1s an exemplary and schematic diagram 1llustrating,
an example of disposition of an 1maging device according to
the embodiment;

FIG. 3 1s an exemplary and schematic block diagram
illustrating a configuration of an occupant monitoring sys-
tem according to the embodiment;

FIG. 4 1s an exemplary and schematic block diagram
illustrating functions of an occupant monitoring device
according to the embodiment;

FIG. 5 1s an exemplary and schematic diagram 1llustrating
an example of a first image according to the embodiment;

FIG. 6 1s an exemplary and schematic diagram 1llustrating,
another example of the first image according to the embodi-
ment;

FIG. 7 1s an exemplary and schematic diagram 1llustrating,
an example of a second 1mage according to the embodiment;

FIG. 8 1s an exemplary and schematic diagram 1llustrating
another example ol the second image according to the
embodiment;

FIG. 9 1s an exemplary and schematic diagram 1llustrating,
an example of a third image according to the embodiment;

FIG. 10 1s an exemplary and schematic flowchart illus-
trating a part of an 1nitial detection process executed by the
occupant monitoring device according to the embodiment;

FIG. 11 1s an exemplary and schematic flowchart illus-
trating the other imitial detection process executed by the
occupant monitoring device according to the embodiment;
and

FIG. 12 1s an exemplary and schematic flowchart illus-
trating a tracking process executed by the occupant moni-
toring device according to the embodiment.

DETAILED DESCRIPTION

Hereinafter, an embodiment of this disclosure will be
described with reference to the drawings. Configurations of
the embodiment described below and operations and results
(eflects) resulting from the configurations are only
examples, and are not limited to the contents described
below.

First, with reference to FIGS. 1 and 2, a description will
be made of a schematic configuration of a vehicle 1 accord-
ing to an embodiment. FIG. 1 1s an exemplary and schematic
diagram 1illustrating an example of a configuration of the
vehicle 1 according to the embodiment, and FIG. 2 1s an
exemplary and schematic diagram 1llustrating an example of

disposition of an imaging device 201 according to the
embodiment.

As 1llustrated 1 FIG. 1, the vehicle 1 according to the
embodiment 1s a four-wheeled automobile having two left
and right front wheels 3F and two leit and right rear wheels
3R. Heremafter, for simplification, the front wheels 3F and
the rear wheels 3R will be referred to as vehicle wheels 3 in
some cases. In the embodiment, sideslip angles of some or
all of the four vehicle wheels 3 are changed (turned) in
response to steering ol a steering unit 303a.

As 1llustrated 1n FIG. 1, the vehicle 1 according to the
embodiment has a vehicle cabin 2a 1n which an occupant
(not 1llustrated 1n FIG. 1) rides. The steering unit 3034 1s
provided 1n a state of being able to be operated by a driver
X (not illustrated 1n FIG. 1) as an occupant on a driver’s seat
26 1 the vehicle cabin 2a4. The steering umt 303a 1is
configured with a steering wheel or a handle provided to
protrude from a dashboard (instrument panel) 12. In the
embodiment, needless to say, seats other than the driver’s
seat 2b may be present 1n the vehicle cabin 2a.
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A monitor device 11 including a display unit 8 that outputs
vartous 1mages and a sound output unit 9 that outputs
various sounds 1s provided in the vehicle cabin 2a. The
monitor device 11 1s provided, for example, at a central
portion of the dashboard in a vehicle width direction (left-
ward-rightward direction) in the vehicle cabin 2a4. In the
example illustrated 1n FIG. 1, the display unit 8 1s covered
with an operation input unit 10 that detects a coordinate of
a position to which an indicator such as a finger or a stylus
comes close (including contact). Consequently, the occupant
can visually recognmize an image displayed on the display
unit 8, and can input various operations by performing an
input operation (for example, a touch operation) using an
indicator on the operation mnput unit 10.

As 1llustrated mm FIG. 2, the imaging device 201 1s
provided on a support portion 202 supporting the steering
unit 3034. The imaging device 201 1s configured with, for
example, a charge coupled device (CCD) camera.

Here, in the embodiment, the imaging device 201 1s
configured to 1mage a region in which there is a probabaility
that the face of the driver X sitting on the driver’s seat 256
may be present. More specifically, a viewing angle and a
pose of the imaging device 201 are adjusted such that the
face of the driver X sitting on the driver’s seat 26 1s located
at the center of a visual field.

The imaging device 201 periodically executes imaging of
the face of the driver X at a predetermined time interval
during driving of the vehicle 1, and sequentially outputs
captured 1mages (1mage data corresponding thereto)
obtained through the imaging to an occupant monitoring
device 310 (refer to FIGS. 3 and 4) which will be described
later. As will be described later 1n detail, the occupant
monitoring device 310 executes an occupant monitoring
process including detection of face information regarding
the face of the dnver X (and tracking of the detected face
information) based on a captured image obtained through
imaging in the imaging device 201, and thus monitors a state
change of the face of the driver X.

Although not illustrated 1n FIG. 2, 1n the embodiment, an
illumination unit that irradiates a region imaged by the
imaging device 201 with light may be provided. In this case,
when an infrared lamp applying infrared light 1s used, it 1s
possible to assist the imaging device 201 1n 1maging without
the driver X feeling glaring.

Heremaftter, a description will be made of an occupant
monitoring process executed based on a captured image
obtained by the imaging device 201 and including informa-
tion regarding a region in which there 1s a probability that
the face of the driver X sitting on the driver’s seat 256 may
be present, but the occupant monitoring process may be
executed on an occupant other than the driver X. In other
words, the occupant monitoring process may be similarly
executed based on a captured 1mage obtained by an 1imaging
unit, istalled at a position that 1s different from the position
of the imaging device 201, imaging a region in which there
1s a probability that a face of an occupant sitting on a seat
other than the driver’s seat 26 may be present.

Next, with reference to FIG. 3, a description will be made
of a configuration of an occupant monitoring system 300
including the occupant momitoring device 310 executing the
occupant momnitoring process. The system configuration
illustrated 1n FIG. 3 1s only an example, and 1s variously
settable (changeable).

FIG. 3 1s an exemplary and schematic block diagram
illustrating a configuration of the occupant monitoring sys-
tem 300 according to the embodiment. As illustrated in FIG.
3, the occupant monitoring system 300 includes a braking
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system 301, an acceleration system 302, a steering system
303, a gear shiit system 304, an obstacle sensor 305, a
traveling state sensor 306, the imaging device 201, the
monitor device 11, the occupant monitoring device 310, and
an on-vehicle network 350.

The braking system 301 controls deceleration of the
vehicle 1. The braking system 301 includes a braking umit
301a, a braking control unit 3015, and a braking unit sensor
301c.

The braking unit 301a 1s a device used to decelerate the
vehicle 1, such as a brake pedal.

The braking control unit 3015 1s an electronic control unit
(ECU) configured with a computer having a hardware
processor such as a CPU. The braking control unmt 3015
drives an actuator (not 1illustrated) based on an 1nstruction
that 1s input via, for example, the on-vehicle network 350,
and operates the braking unit 301a to control the degree of
deceleration of the vehicle 1.

The braking unit sensor 301c¢ 1s a device used to detect a
state of the braking unit 301a. For example, 1n a case where
the braking unit 301a 1s configured with a brake pedal, the
braking unit sensor 301 ¢ detects a position of the brake pedal
or pressure applied to the brake pedal as a state of the
braking unit 301a. The braking unmit sensor 301¢ outputs the
detected state of the braking unit 301aq to the on-vehicle
network 350.

The acceleration system 302 controls acceleration of the
vehicle 1. The acceleration system 302 includes an accel-
eration unit 302q, an acceleration control unit 30254, and an
acceleration unit sensor 302c.

The acceleration unit 302q 1s a device used to accelerate
the vehicle 1, such as an accelerator pedal.

The acceleration control unit 3025 1s an ECU configured
with a computer having a hardware processor such as a
CPU. The acceleration control unit 3026 drives an actuator
(not illustrated) based on an instruction that 1s input via, for
example, the on-vehicle network 3350, and operates the
acceleration unit 302q to control the degree of acceleration
of the vehicle 1.

The acceleration unit sensor 302¢ 1s a device used to
detect a state of the acceleration unit 302a. For example, 1n
a case where the acceleration unit 302q 1s configured with an
accelerator pedal, the acceleration unit sensor 302¢ detects
a position of the accelerator pedal or pressure applied to the
accelerator pedal. The acceleration unit sensor 302¢ outputs
the detected state of the acceleration unmit 302a to the
on-vehicle network 350.

The steering system 303 controls an advancing direction
of the vehicle 1. The steering system 303 includes the
steering unit 303q, a steering control unit 3035, and a
steering umt sensor 303c.

The steering unit 3034 1s a device used to turn a turning,
wheel of the vehicle 1, such as a steering wheel or a handle.

The steering control unit 3035 1s an ECU configured with
a computer having a hardware processor such as a CPU. The
steering control unit 3035 drives an actuator (not 1llustrated)
based on an instruction that 1s mput via, for example, the
on-vehicle network 350, and operates the steering unit 303a
to control an advancing direction of the vehicle 1.

The steering unit sensor 303¢ 1s a device used to detect a
state of the steering unit 303a. For example, 1n a case where
the steering unit 303q 1s configured with a steering wheel,
the steering unit sensor 303¢ detects a position of the
steering wheel or a rotation angle of the steering wheel. In
a case where the steering unit 303aq 1s configured with a
handle, the steering unit sensor 303¢ may detect a position
of the handle or pressure applied to the handle. The steering
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umt sensor 303¢ outputs the detected state of the steering
unit 3034 to the on-vehicle network 350.

The gear shift system 304 controls a gear ratio of the
vehicle 1. The gear shift system 304 includes a gear shiit unit
304a, a gear shift control unit 3045, and a gear shift unit
sensor 304c.

The gear shift unit 304q 1s a device used to change a gear
ratio of the vehicle 1, such as a shift lever.

The gear shift control unit 3045 1s an ECU configured
with a computer having a hardware processor such as a
CPU. The gear shiit control unit 3045 drives an actuator (not
illustrated) based on an instruction that 1s iput via, for
example, the on-vehicle network 350, and operates the gear
shift unit 3044 to control a gear ratio of the vehicle 1.
The gear shift unit sensor 304¢ 1s a device used to detect
a state of the gear shift unit 304a. For example, 1n a case
where the gear shift umt 304q 1s configured with a shift
lever, the gear shift unit sensor 304¢ detects a position of the
shift lever or pressure applied to the shift lever. The gear

shift unit sensor 304¢ outputs the detected state of the gear
shift unit 304a to the on-vehicle network 350.

The obstacle sensor 303 1s a device used to detect infor-
mation regarding an obstacle that may be present on the
periphery of the vehicle 1. The obstacle sensor 305 includes
a ranging sensor such as a sonar detecting a distance to an
obstacle. The obstacle sensor 305 outputs the detected
information to the on-vehicle network 3350.

The traveling state sensor 306 1s a device used to detect
a traveling state of the vehicle 1. The traveling state sensor
306 includes, for example, a vehicle wheel sensor detecting
a wheel speed of the vehicle 1, an acceleration sensor
detecting acceleration of the vehicle 1 in a front-rear direc-
tion or a leftward-rightward direction, or a gyro sensor
detecting a turning speed (angular velocity) of the vehicle 1.
The traveling state sensor 306 outputs the detected traveling
state to the on-vehicle network 350.

The occupant monitoring device 310 1s a device integrally
controlling the occupant monitoring system 300. The occu-
pant monitoring device 310 executes an occupant monitor-
ing process including detection of face information regard-
ing the face of the driver X (and tracking of the detected face
information) based on a captured image obtained by the
imaging device 201, and thus monitors a state change of the
face of the driver X.

The occupant momitoring device 310 1s configured with an
ECU including a central processing unit (CPU) 310q, a read
only memory (ROM) 3105, a random access memory
(RAM) 310c, a solid state drive (SSD) 310d, a display
control unit 310e, and a sound control unit 310/

The CPU 310a 1s a hardware processor integrally con-
trolling the occupant monitoring device 310. The CPU 310a
reads various control programs (computer programs) stored
in the ROM 3105 or the like, and realizes various functions
according to instructions defined i the various control
programs. The various control programs include an occu-
pant monitoring program for realizing an occupant moni-
toring process.

The ROM 3104 1s a nonvolatile main storage device
storing parameters or the like required to execute the various
control programs.

The RAM 310c¢ 15 a volatile main storage device provid-
ing a work area of the CPU 310a.

The SSD 3104 1s a rewritable nonvolatile auxiliary stor-
age device. In the occupant monitoring device 310 accord-

ing to the embodiment, as an auxiliary storage device, a hard
disk drive (HDD) may be provided instead of the SSD 3104

(or 1n addition to the SSD 3104).
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Among various processes executed by the occupant moni-
toring device 310, the display control unit 310¢ mainly
executes 1mage processing on a captured image obtained
from the imaging device 201 or generates 1mage data to be
output to the display unit 8 of the monitor device 11.

Among various processes executed by the occupant moni-
toring device 310, the sound control unit 310/ mainly
generates sound data to be output to the sound output unit 9
of the monitor device 11.

The on-vehicle network 350 communicably connects the
braking system 301, the acceleration system 302, the steer-
ing system 303, the gear shift system 304, the obstacle
sensor 305, the traveling state sensor 306, the operation
input unit 10 of the monitor device 11, and the occupant
monitoring device 310 to each other.

Meanwhile, there 1s a technique 1n which, 1n a case where
a part of an occupant’s face 1s hidden by an accessory such
as a mask or sunglasses, an occupant monitoring process 1s
executed 1n different modes depending on a wearing status
of the accessory.

In the related art, a situation in which a part of an
occupant’s face 1s hidden may also occur due to a non-
accessory object that 1s not an accessory, such as the
occupant’s hand or a mobile phone 1n addition to an acces-
sory such as a mask or sunglasses. However, in the related
art, since the situation 1n which a part of an occupant’s face
1s hidden by a non-accessory object 1s not supposed, 1n a
case where a part of the occupant’s face 1s hidden, the
occupant monitoring process may be executed in an 1denti-
cal mode regardless of whether a cause of hiding 1s an
accessory or a non-accessory object.

Here, generally, the degree of hiding of an occupant’s face
differs between an accessory and a non-accessory object. For
example, a portion of a face hidden by an accessory is
defined to be constant according to the type of accessory, but
a portion of a face hidden by a non-accessory object vari-
ously changes according to the type of non-accessory object
or time, and 1s thus hardly defined to be constant. Therefore,
when the occupant monitoring process 1s executed i1n an
identical mode 1n a case where a part of the occupant’s face
1s hidden by an accessory and 1n a case where a part of the
occupant’s face 1s hidden by a non-accessory object, the
accuracy of the occupant monitoring process may be
reduced.

Therefore, in the embodiment, the occupant monitoring
device 310 has functions as 1llustrated 1n FIG. 4, and thus the
accuracy ol the occupant momitoring process 1s improved.

FIG. 4 1s an exemplary and schematic block diagram
illustrating functions of the occupant monitoring device 310
according to the embodiment. The functions illustrated 1n
FIG. 4 are realized through cooperation between software
and hardware. In other words, in the example illustrated 1n
FIG. 4, the functions of the occupant monitoring device 310
are realized as a result of the CPU 310a reading and
executing a predetermined control program stored in the
ROM 31054. In the embodiment, at least some of the func-
tions 1illustrated i FIG. 4 may be realized by dedicated
hardware (circuit).

As 1llustrated in FIG. 4, the occupant monitoring device
310 according to the embodiment includes an acquisition
unit 401, a determination unit 402, and a processing unit
404.

The acquisition unit 401 successively acquires captured
images obtained by the imaging device 201 a plurality of
times at predetermined control timings. As described above,
the captured 1mage includes information regarding a region
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in which there 1s a probability that the face of the dniver X
may be present in the vehicle 1.

The determination unit 402 determines whether the cap-
tured 1mage obtained by the acquisition unit 401 corre-
sponds to of a first image including a face a part of which 1s
hidden by an accessory such as a mask or sunglasses, a
second 1mage including a face a part of which 1s hidden by
a non-accessory object such as a hand or a mobile phone
other than an accessory, or a third image including the whole
face not hidden by an accessory or a non-accessory object.

More specifically, the determination unit 402 has a
learned model 403 generated as a result of machine learning,
and determines whether the captured 1mage corresponds to
any one of the first image, the second 1mage, or the third
image based on the learned model 403. The learned model
403 may be generated through, for example, supervised
learning 1n which labels respectively corresponding to the
first image, the second 1image, and the third 1mage are added
to a plurality of learning images, and combinations of the
learning 1images and the labels are used as training data. The
learning 1image 1s assumed to be an 1image captured under the
same condition as, for example, that of a captured 1mage,
and to include mformation similar to that of the captured
image. In the embodiment, machine learning for generating
the learned model 403 1s not limited to supervised learning,
and may be unsupervised learning, reinforcement learning,
or a combination of one or more of the three learning
schemes.

Here, a description will be brietly made of specific
examples of the first image, the second 1image, and the third
image.

FIG. 5 1s an exemplary and schematic diagram illustrating
an example of the first image according to the embodiment.
An mmage 500 illustrated 1n FIG. 5 represents a situation in
which a part of the face of the driver X 1s hidden by an
accessory, and 1s thus an example of the first image. More
specifically, the image 500 represents a situation in which
the mouth of the face of the driver X 1s hidden by a mask M
as an accessory. The mask M 1s an accessory, and 1s thus
maintained at a constant position until being removed.

FIG. 6 1s an exemplary and schematic diagram 1llustrating
another example of the first image according to the embodi-
ment. In the same manner as the image 500 illustrated in
FIG. §, an 1mage 600 1llustrated 1n FIG. 6 also represents a
situation 1 which a part of the face of the driver X 1s hidden
by an accessory, and 1s thus an example of the first image.
More specifically, the image 600 represents a situation 1n
which the eyes of the face of the driver X are hidden by
sunglasses S as an accessory. In the same manner as the
mask M (refer to FIG. §), the sunglasses S are an accessory,
and are thus maintained at a constant position until being
removed.

FIG. 7 1s an exemplary and schematic diagram illustrating
an example of the second image according to the embodi-
ment. An 1mage 700 1illustrated in FIG. 7 represents a
situation 1 which a part of the face of the driver X 1s hidden
by a non-accessory object, and 1s thus an example of the
second 1mage. More specifically, the image 700 represents a
situation in which the eye and the cheek of the driver X are
hidden by the hand H as a non-accessory object. In the
example illustrated 1n FIG. 7, the hand H overlaps portions
corresponding to the eye and the cheek of the driver X, but
the hand H 1s a non-accessory object, and thus does not
normally overlap a specific position of the face, so that the
hand H 1s hardly maintained at a constant position.

FIG. 8 1s an exemplary and schematic diagram illustrating
another example of the second image according to the
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embodiment. In the same manner as the image 700 1llus-
trated 1n FIG. 7, an image 800 illustrated in FIG. 8 also
represents a situation 1 which a part of the face of the driver
X 1s hidden by a non-accessory object, and 1s thus an
example of the second 1mmage. More specifically, the image
800 represents a situation 1 which a part of the face of the
driver X 1s hidden by a mobile phone P as a non-accessory
object. In the example illustrated 1n FI1G. 8, the mobile phone
overlaps portions from the ear to the mouth of the driver X,
but the mobile phone P 1s a non-accessory object, and thus
does not normally overlap a specific position of the face 1n
the same manner as the hand H (refer to FIG. 7), so that the
mobile phone P 1s hardly maintained at a constant position.

FIG. 9 1s an exemplary and schematic diagram 1llustrating,
an example of the third 1image according to the embodiment.
An mmage 900 illustrated 1n FIG. 9 represents a situation in
which the whole face of the driver X 1s exposed, and 1s thus
an example of the third image.

The occupant monitoring process according to the
embodiment 1s executed based on face information regard-
ing the face of the driver X, acquired from various captured
images as 1llustrated 1n FIGS. 5§ to 9. The face information
1s data including eye information regarding the eye of the
driver X, mouth information regarding the mouth of the
driver X, and expression information regarding an expres-
sion of the driver X. The eye information 1s data indicating
an opening or closing state of the eye (eyelid) or a direction
of a visual line. The mouth information 1s data indicating an
opening or closing state (conversation state) of the mouth.

Here, all pieces of face information can be stably acquired
from the third image (hereinafter, referred to as a normal
image 1n some cases for convenience) such as the image 900
illustrated 1 FIG. 9. Therefore, all pieces of face informa-
tion are preferably focused 1n the normal 1mage.

From the first image such as the images 300 and 600
illustrated in FIGS. 5 and 6, information regarding a portion
of a face not hidden by an accessory can be stably acquired,
but imnformation regarding a portion of a face hidden by the
accessory cannot be acquired. Therefore, 1n the first image,

preferably, the latter information 1s not focused, and only the
former information 1s focused.

More specifically, from the first image (hereinaftter,
referred to as a mask 1image 1n some cases for convenience)
such as the image 500 illustrated 1n FIG. 5, eye information
can be stably acquired but mouth information cannot be
acquired. Therefore, the eye information 1s preferably
focused 1n the mask image.

From the first image (hereinafter, referred to as a sun-
glasses 1mage 1in some cases for convenience) such as the
image 600 1llustrated in FIG. 6, mouth information can be
stably acquired but eye information cannot be acquired.
Theretfore, only the mouth information 1s preferably focused
in the sunglasses 1mage.

On the other hand, it 1s diflicult to stably acquire specific
face information from the second image (hereimafter,
referred to as a hiding 1mage 1n some cases) such as 1images
700 and 800 illustrated 1n FIGS. 7 and 8. That 1s, as
described above, since a non-accessory object does not
normally overlap a specific position of a face, and is thus
hardly maintained at a constant position, information omis-
s10n tends to occur 1n a case where only a specific portion of
the face 1s focused. Therefore, in the hiding 1image, in a case
where at least face information 1s acquired for the first time
as an i1nitial step of the occupant monitoring process, 1t 1s
preferable that all pieces of face mmformation are focused
instead of focusing on only specific face mformation.
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The expression information may be acquired in a certain
level as long as the whole face 1s not hidden. Therefore, the
expression information 1s preferably focused in any one of
the various 1mages as illustrated in FIGS. § to 9.

As mentioned above, face information to be focused
differs 1n a situation in which a part of a face 1s hidden by
an accessory, a situation 1 which a part of a face 1s hidden
by a non-accessory object, and a situation i which the
whole face 1s exposed. Therefore, the occupant monitoring
process 1s preferably executed in different modes depending
on situations such that face information to be focused 1is
appropriately changed depending on the situations.

Therefore, referring to FIG. 4 again, the processing unit
404 detects face information regarding the face of the driver
X 1n different modes according to a determination result in
the determination unit 402, and monitors a state change of
the face of the driver X based on a detection result. Here-
inafter, the functions of the processing unit 404 will be
described 1n more detail.

The processing unit 404 has functional modules respec-
tively corresponding to two control modes such as an 1nitial
detection mode of detecting face information from a cap-
tured 1image for the first time as an initial step of the occupant
monitoring process and a tracking mode of tracking of the
face information detected 1n the initial detection process.

In other words, the processing unit 404 includes an 1nitial
detection processing section 4035 executing an 1nitial detec-
tion process as a process corresponding to the 1mitial detec-
tion mode, and a tracking processing section 406 executing
a tracking process as a process corresponding to the tracking
mode.

A control mode of the processing unit 404 1s set to the
initial detection mode, for example, in a case where the
acquisition unit 401 acquires a captured 1mage.

As described above, 1n a case where a captured image
corresponds to the first 1mage such as the mask image
illustrated 1n FIG. 5 or the sunglasses image illustrated 1n
FIG. 6, information regarding a specific portion of a face,
that 1s, a portion of the face not hidden by an accessory 1s
preferably focused. Therefore, 1n the embodiment, in a case
where a captured 1image corresponds to the first image, the
initial detection processing section 405 of the processing
unmit 404 detects face information based on one or more
feature points corresponding to the portion of the face not
hidden by the accessory among a plurality of feature points
set 1n advance for the whole face.

On the other hand, as described above, 1n a case where a
captured 1image corresponds to the second 1mage such as the
hiding 1mage illustrated in FIGS. 7 and 8, 1n at least the
initial detection process, all pieces of face information are
preferably focused. Theretfore, 1n the embodiment, 1n a case
where a captured image corresponds to the second image,
the 1mitial detection processing section 405 of the processing
unmt 404 detects face information based on (all of) a plurality
ol feature points set 1n advance for the whole face.

However, in a case where a portion of the face hidden by
a non-accessory object includes the eye, 1t 1s useless to
detect eye information as face information, and, in a case
where a portion of the face hidden by a non-accessory object
includes the mouth, 1t 1s useless to detect mouth information
as face information.

Therefore, 1n a case where a captured 1mage corresponds
to the second 1mage, the 1nitial detection processing section
4035 of the processing unit 404 detects separate face infor-
mation according to a portion of the face lidden by a
non-accessory object. More specifically, the initial detection
processing section 405 of the processing unit 404 detects eye
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information as face information 1n a case where a portion of
the face hidden by a non-accessory object does not include
the eye, and detects mouth 1information as face imformation
in a case where a portion of the face lidden by a non-
accessory object does not include the mouth.

Here, as described above, since a non-accessory object
does not normally overlap a specific position of a face, and
1s thus hardly maintained at a constant position, a situation
in which neither eye information nor mouth information 1s
acquired may occur 1 a case where a captured image
corresponds to the second image. However, as described
above, expression information may be acquired in a certain
level as long as the whole face 1s not hidden. Thus, even
though a situation 1in which neither eye information nor
mouth information 1s acquired occurs 1n a case where a
captured 1mage corresponds to the second 1mage, expression
information may be acquired 1n a certain level.

Therefore, 1n the embodiment, 1n a case where a captured
image corresponds to the second 1mage, the initial detection
processing section 405 of the processing unit 404 detects
expression nformation regarding an expression as lace
information regardless of whether or not detection of eye
information and mouth imnformation 1s successtul.

In the embodiment, 1n a case where a captured image
corresponds to the third image such as the normal image
illustrated 1n FIG. 9, needless to say, the mmtial detection
processing section 403 of the processing unit 404 detects (all
pieces of) face information based on (all of) a plurality of
feature points set in advance for the whole face.

Here, the face information may be detected 1n a certain
level based on only feature points acquired from a captured
image. However, the face information may be detected 1n
more detail by using fitting between feature points acquired
from a captured image and a three-dimensional model
acquired as data representing a structure including a three-
dimensional shape of a face. The fitting 1s a process of
appropriately adjusting parameters representing a three-
dimensional model to match a structure including a shape of
a face 1n a captured 1mage.

In the embodiment, 1n a case where a captured image
corresponds to the first image or the third image, feature
points to be focused are constant, and thus the fitting can be
casily executed. However, 1n a case where a captured image
corresponds to the second image, feature points to be
focused are not constant, and thus 1t 1s diflicult to execute the
fitting.

Theretfore, the mitial detection processing section 4035 of
the processing unit 404 detects face information based on a
result of fitting between feature points acquired from the first
image and a three-dimensional model representing a struc-
ture including a three-dimensional shape of a face of an
occupant, in the embodiment, 1n a case where a captured
image corresponds to the first image, and detects face
information based on only feature points acquired from the
second 1mage 1n a case where a captured 1image corresponds
to the second 1mage.

However, 1n order to monitor a state change of a face,
preferably, the initial detection processing section 405
detects face information as described above, and then the
tracking processing section 406 executes tracking of the face
information. Therefore, a control mode of the processing
unit 404 fundamentally transitions to the tracking mode after
detection of the face information in the mitial detection
mode 1s completed.

However, 1n a case where a captured image corresponds
to the second 1mage, face mnformation to be focused 1s not
defined, and thus 1t 1s difficult to execute tracking of face
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information. Therefore, in the embodiment, 1n a case where
a captured i1mage corresponds to the second image, the
processing unit 404 causes the 1nitial detection processing
section 405 to detect face information again in different
modes according to a determination result in the determi-
nation unmt 402 with respect to a captured image acquired by
the acquisition unit 401 at the next control timing, without
causing the tracking processing section 406 to execute
tracking of face information after the 1nmitial detection pro-
cessing section 405 detects the face information.

On the other hand, 1n a case where a captured 1mage
corresponds to the first image, face information to be
focused 1s defined to information regarding a portion of a
face not hidden by an accessory, and thus tracking of the face
information can be executed with no problem. Therefore, 1n
the embodiment, 1n a case where a captured 1image corre-
sponds to the first image, the processing unit 404 causes the
initial detection processing section 405 to detect face infor-
mation, and then causes the tracking processing section 406
to execute tracking of the face mformation.

Heremnaiter, detailed contents of the initial detection pro-
cess and the tracking process according to the embodiment
will be described with reference to tlowcharts.

First, the mitial detection process will be described 1n
detaul.

FIG. 10 1s an exemplary and schematic tlowchart 1llus-
trating a part of an 1nitial detection process executed by the
occupant monitoring device 310 according to the embodi-
ment, and FIG. 11 1s an exemplary and schematic flowchart
illustrating the other 1initial detection process executed by the
occupant momtoring device 310 according to the embodi-
ment. The mitial detection process 1s executed, for example,
in a case where a control mode of the processing unit 404 1s
set to the mitial detection mode, and a captured image 1s
acquired by the acquisition unit 401.

As 1llustrated i FIG. 10, 1n the 1mitial detection process,
first, 1in S1001, the mitial detection processing section 405
detects a position of a face in the captured image.

In S1002, the mitial detection processing section 4035
detects a direction of the face 1n the captured 1mage.

In S1003, the determination unit 402 determines the
captured 1mage.

In S1004, the mitial detection processing section 405
determines whether or not the captured 1mage corresponds
to the third 1mage, more specifically, a normal 1mage as
illustrated 1n FIG. 9 based on a determination result in
S1002.

In a case where it 1s determined that the captured image
corresponds to the normal image in S1004, the process
proceeds to S1005. In S1005, the 1nitial detection processing
section 405 detects feature points for the normal 1mage, that
1s, (all of) a plurality of feature points set 1n advance for the
whole face, from the captured image.

In S1006, the mitial detection processing section 405
executes fitting between the captured image and a three-
dimensional model acquired as data representing a structure
including a three-dimensional shape of the face based on the
feature points detected 1n S1004, and detects the position
and the direction of the face included 1n the captured image
in more detail. The fitting 1n the mnitial detection process 1s
executed based on, for example, an initial model set 1n
advance as statistical data representing a structure including
a three-dimensional shape of a face.

As 1llustrated in FIG. 11, in S1101, the initial detection
processing section 405 detects eye information regarding the
eye as face information regarding the face based on a result
of the fitting 1n S1006. As described above, the eye infor-
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mation 1s data indicating an opening or closing state of the
eye (eyelid) or a direction of a visual line.

In S1102, the imitial detection processing section 405
detects mouth information regarding the mouth as the face
information regarding the face. As described above, the 5
mouth information 1s data indicating an opening or closing
state (conversation state) of the mouth.

In S1103, the mitial detection processing section 405
detects expression mformation regarding an expression as
the face information regarding the face. 10

In S1104, the mitial detection processing section 403
determines whether or not the face information has been
normally detected. For example, the initial detection pro-
cessing section 405 calculates a value (score) indicating
reliability of each of the processes in S1005, S1006, and 15
S1101 to S1103 as a series of processes recently executed 1n
order to detect the face information, and executes the
determination 1 S1104 based on the score.

In a case where 1t 1s determined that the face information
has been normally detected in S1104, the process proceeds 20
to S1105. In S1105, the mitial detection processing section
405 sets the next control mode of the processing unit 404 to
the tracking mode. The process 1s finished.

On the other hand, 1n a case where it 1s determined that the
face information has not been normally detected 1n S1104, 25
the process proceeds to S1106. In S1106, the nitial detection
processing section 405 sets the next control mode of the
processing umt 404 to the imtial detection mode. The
process 1s finished.

Referring to FIG. 10 again, in a case where 1t 1s deter- 30
mined that the captured image does not correspond to the
normal 1mage 1 S1004, the process proceeds to S1007. In
S1007, the mitial detection processing section 405 deter-
mines whether or not the captured 1mage corresponds to a
sunglasses 1image as 1llustrated 1n FIG. 6 as the first image 35
based on a determination result in S1002.

In a case where 1t 1s determined that the captured 1mage
corresponds to the sunglasses 1mage 1n S1007, the process
proceeds to S1008. In S1008, the mitial detection processing,
section 405 detects feature points for the sunglasses 1image, 40
that 1s, feature points corresponding to a portion of the face
(a portion except the eyes) not hidden among a plurality of
feature points set 1n advance for the whole face, from the
captured 1image.

In S1009, the mitial detection processing section 405 45
executes fitting between the captured image and a three-
dimensional model acquired as data representing a structure
including a three-dimensional shape of the face based on the
teature points detected in S1008, and detects the position
and the direction of the face included in the captured image 50
in more detail.

As 1illustrated 1n FIG. 11, 1n S1107, the mitial detection
processing section 405 detects mouth information regarding,
the mouth as face information regarding the face based on a
result of the fitting 1n S1009. 55

In S1108, the mitial detection processing section 405
detects expression information regarding an expression as
the face information regarding the face.

In a case where the process 1n S1108 1s completed, the
process proceeds to S1104, but the processes in S1104 and 60
the subsequent steps have already been described, and thus
a description thereof will be omitted here.

Referring to FIG. 10 again, in a case where 1t 1s deter-
mined that the captured image does not correspond to the
sunglasses 1image 1 S1007, the process proceeds to S1010. 65
In S1010, the 1mitial detection processing section 405 deter-
mines whether or not the captured 1mage corresponds to a
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mask 1mage as 1illustrated 1in FIG. 5 as the first image based
on a determination result in S1002.

In a case where it 1s determined that the captured image
corresponds to the mask image 1n S1010, the process pro-
ceeds to S1011. In S1008, the initial detection processing
section 405 detects feature points for the mask image, that
1s, Ieature points corresponding to a portion of the face (a
portion except the mouth) not hidden among a plurality of
feature points set 1n advance for the whole face, from the
captured 1mage.

In S1012, the mitial detection processing section 4035
executes fitting between the captured image and a three-
dimensional model acquired as data representing a structure
including a three-dimensional shape of the face based on the
feature points detected in S1011, and detects the position and
the direction of the face included 1n the captured image in
more detail.

As 1illustrated 1n FIG. 11, 1n S1109, the initial detection

processing section 403 detects eye information regarding the
eye as face information regarding the face based on a result
of the fitting 1 S1012.

In S1110, the initial detection processing section 4035
detects expression mformation regarding an expression as
the face information regarding the face.

In a case where the process in S1110 1s completed, the
process proceeds to S1104, but the processes 1n S1104 and
the subsequent steps have already been described, and thus
a description thereotf will be omitted here.

Referring to FIG. 10 again, 1n a case where 1t 1s deter-
mined that the captured image does not correspond to the
mask 1mage 1 S1010, the process proceeds to S1013. In
S1013, the mtial detection processing section 405 deter-
mines whether or not the captured 1mage corresponds to the
second 1mage, more specifically, a hiding image as 1llus-
trated 1n FIGS. 7 and 8 based on a determination result in
S1002.

In a case where it 1s determined that the captured image
does not correspond to the hiding image 1n S1013, the 1nitial
detection process 1s required to be executed again. There-
fore, 1n this case, as illustrated in FIG. 11, the process
proceeds to S1106, and, 1n S1106, the next control mode of
the processing unit 404 1s set to the 1nmitial detection mode.
The process 1s finished.

In a case where it 1s determined that the captured image
corresponds to the hiding image in S1013, the process
proceeds to S1014. In S1014, the initial detection processing
section 405 detects feature points for a normal image, that 1s,
(all of) a plurality of feature points set in advance for the
whole face, from the captured image.

As described above, 1n a case where a captured image
corresponds to a hiding image, fitting based on a three-
dimensional model i1s not executed. Therefore, in the
embodiment, even though the process 1 S1014 1s com-
pleted, the fitting such as the process 1n S1006, S1009, or
51012 1s not executed.

As 1llustrated 1n FIG. 11, 1n S1111, the initial detection
processing section 403 determines whether or not a portion
of the face hidden by a non-accessory object includes the eye
based on the feature points detected in S1014.

In a case where i1t 1s determined that the hidden portion of
the face does not include the eye in S1111, the process
proceeds to S1112. In this case, since 1t may be determined
that at least eye information regarding the eye 1s detectable
as Tace mformation regarding the face, the mnitial detection
processing section 405 detects eye information in S1112.
The process proceeds to S1113.
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In a case where 1t 1s determined that the hidden portion of
the face includes the eye 1n S1111, 1t may be determined that
it 1s dithicult to detect eye information, and thus the process
proceeds to S1113 without executing the process in S1112.

In S1113, the mitial detection processing section 405
determines whether or not a portion of the face hidden by the
non-accessory object includes the mouth based on the fea-
ture points detected 1n S1014.

In a case where it 1s determined that the hidden portion of
the face does not include the mouth 1 S1113, the process
proceeds to S1114. In this case, since 1t may be determined
that at least mouth information regarding the mouth 1s
detectable as face information regarding the face, the 1initial
detection processing section 4035 detects mouth information

in S1114. The process proceeds to S1115.

In a case where it 1s determined that the hidden portion of
the face includes the mouth, it may be determined that 1t 1s
ditficult to detect mouth information in S1113, and thus the

process proceeds to S1115 without executing the process in
S1114.

In S1115, the mitial detection processing section 405
detects expression mformation regarding an expression as
the face information regarding the face.

In a case where the process in S1115 1s completed, the
process proceeds to S1106, but the processes 1n S1106 and
the subsequent steps have already been described, and thus
a description thereot will be omaitted here.

Next, the tracking process will be described 1n detail.

FIG. 12 1s an exemplary and schematic flowchart illus-
trating a tracking process executed by the occupant moni-
toring device 310 according to the embodiment. The track-
ing process 1s executed, for example, 1n a case where a
control mode of the processing unit 404 1s set to the tracking
mode, and a captured 1image 1s acquired by the acquisition
unit 401.

As 1llustrated in FI1G. 12, 1n the tracking process, first, in
S1201, the tracking processing section 406 executes track-
ing ol a position of a face i the captured image. The
tracking may be used to restrict a retrieval range, to use a
template for matching, or to specily a changed portion based
on a difference between consecutive frames, by using the
various detection results in the mnitial detection process.
Therefore, generally, the tracking 1s higher in processing
speed than various detections in the mnitial detection process.

In S1202, the tracking processing section 406 executes
tracking of a direction of the face in the captured image.

In S1203, the tracking processing section 406 determines
whether or not face information 1n a normal 1mage has been
recently detected (including tracking).

In S1203, 1n a case where 1t 1s determined that the face
information in the normal 1mage has been recently detected,
the process proceeds to S1204. In S1204, the tracking
processing section 406 executes tracking of feature points
for the normal 1image.

In S1205, the tracking processing section 406 executes
fitting between a result of the tracking in S1204 and a
three-dimensional model. The fitting 1n the tracking process
1s executed, for example, based on the latest three-dimen-
sional model after being adjusted in the previous initial
detection process or tracking process.

In S1206, the tracking processing section 406 executes
tracking of eye information based on a result of the fitting in
S1205.

In S1207, the tracking processing section 406 executes
tracking of mouth information based on the result of the

fitting 1n S1203.
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In S1208, the tracking processing section 406 executes
tracking of expression information based on the result of the
fitting 1 S1205.

In S1209, the tracking processing section 406 determines
whether or not the tracking of the face information has been
normally executed. For example, the tracking processing
section 406 calculates a value (score) indicating reliability of
cach of the processes recently executed 1n order to track the
face information, and executes the determination in S1209
based on the score.

In a case where i1t 1s determined that tracking of the face
information has been normally executed in S1209, the
process proceeds to S1210. In S1210, the tracking process-
ing section 406 sets the next control mode of the processing
unmt 404 to the tracking mode. The process 1s finished.

On the other hand, 1n a case where 1t 1s determined that
tracking of the face information has not been normally
executed 1n S1209, the process proceeds to S1211. In S1211,
the tracking processing section 406 sets the next control
mode of the processing unit 404 to the mitial detection
mode. The process 1s fimished.

In a case where 1t 1s determined that the face information
in the normal 1image has not been recently detected in S1203,
the process proceeds to S1212. In S1212, the tracking
processing section 406 determines whether or not face
information 1n a sunglasses image has been recently detected
(including tracking).

In a case where 1t 1s determined that the face information
in the sunglasses image has been recently detected 1n S1212,
the process proceeds to S1213. In S1213, the tracking
processing section 406 executes tracking of feature points
for the sunglasses 1mage.

In S1214, the tracking processing section 406 executes
fitting between a result of the tracking mm S1213 and a
recently used three-dimensional model.

In S1215, the tracking processing section 406 executes
tracking of mouth information based on a result of the fitting
in S1214.

In S1216, the tracking processing section 406 executes
tracking of expression information based on the result of the
fitting 1n S1214.

In a case where the process 1n S1216 1s completed, the
process proceeds to S1209, but the processes 1n S1209 and
the subsequent steps have already been described, and thus
a description thereof will be omitted here.

On the other hand, 1n a case where i1t 1s determined that the
face information 1n the sunglasses i1mage has not been
recently detected 1 S1212, the process proceeds to S1217.
This case corresponds to a case where face information 1n a
mask 1image has been recently detected (including tracking).
Therefore, 1n S1217, the tracking processing section 406
executes tracking of feature points for the mask image.

In S1218, the tracking processing section 406 executes
fitting between a result of the tracking in S1217 and a
recently used three-dimensional model.

In S1219, the tracking processing section 406 executes
tracking of eye information based on a result of the fitting 1n
S1218.

In S1220, the tracking processing section 406 executes
tracking of expression information based on the result of the
fitting 1n S1218.

In a case where the process 1 S1220 1s completed, the
process proceeds to S1209, but the processes 1n S1209 and
the subsequent steps have already been described, and thus
a description thereof will be omitted here.

As described above, the occupant monitoring device 310
according to the embodiment includes the acquisition unit
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401, the determination unit 402, and the processing unit 404.
The acquisition unit 401 acquires a captured image obtained
by 1maging a region in which there 1s a probabaility that the
face of the driver X may be present 1n the vehicle 1. The
determination unit 402 determines whether the captured
image acquired by the acquisition unit 401 corresponds to
the first image including the face a part of which 1s hidden
by an accessory or the second 1image including the face a part
of which 1s hidden by a non-accessory object. The process-
ing unit 404 detects face information regarding the face of
the driver X based on the captured image in different modes
according to a determination result in the determination unit
402, and monitors a state change of the face of the driver X
based on a detection result.

The occupant monitoring device 310 according to the
embodiment can make modes of detecting face information
different 1n a case where a part of the face of the driver X 1s
hidden by an accessory and a case where a part of the face
of the driver X 1s hidden by a non-accessory object, and can
thus 1improve the accuracy of the occupant monitoring
process.

In the occupant monitoring device 310 according to the
embodiment, the processing unit 404 detects face informa-
tion based on one or more feature points corresponding to a
portion of the face not hidden by the accessory among a
plurality of feature points set in advance for the whole face
in a case where the determination unit 402 determines that
the captured 1mage corresponds to the first image, and
detects the face information based on a plurality of feature
points 1n a case where the determination unit 402 determines
that the captured 1mage corresponds to the second 1mage.
According to this configuration, in the former case where a
portion of a face to be focused 1s easily defined to be
constant, face information can be appropnately detected by
selectively taking into consideration specific feature points
corresponding to a specific portion, and, in the latter case
where a portion of a face to be focused 1s hardly defined to
be constant, face information can be approprately detected
by taking into consideration all of a plurality of feature
points corresponding to the whole face.

In the occupant monitoring device 310 according to the
embodiment, the processing unit 404 detects different pieces
of face imnformation according to portions of the face hidden
by a non-accessory object 1n a case where the determination
unit 402 determines that a captured 1image corresponds to the
second 1mage. According to this configuration, face infor-
mation can be appropriately detected according to a state in
which a face 1s hidden by a non-accessory object.

In the occupant monitoring device 310 according to the
embodiment, the processing unit 404 detects eye informa-
tion regarding the eye as face information 1n a case where a
portion of a face hidden by a non-accessory object does not
include the eye, and detects mouth information as face
information 1n a case where a portion of the face hidden by
the non-accessory object does not include the mouth.
According to this configuration, information regarding a
portion of a face not hidden by a non-accessory object can
be appropnately detected as face information.

In the occupant monitoring device 310 according to the
embodiment, the processing unit 404 detects expression
information regarding an expression as face information
regardless of whether or not detection of eye information
and mouth nformation 1s successiul. According to this
configuration, even 1n a case where eye information and
mouth information are not detected, at least expression
information can be detected.
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In the occupant monitoring device 310 according to the
embodiment, the processing unit 404 detects face informa-
tion based on a result of fitting between a feature of the first
image and a three-dimensional model representing a struc-
ture including a three-dimensional shape of a face of an
occupant 1n a case where the determination unit 402 deter-
mines that a captured 1mage corresponds to the first image,
and detects face information based on only a feature of the
second 1mage 1n a case where the determination unit 402
determines that the captured image corresponds to the
second 1mage. According to this configuration, face infor-
mation can be detected in an appropriate mode depending on
a situation through switching of execution of fitting depend-
ing on a situation.

In the occupant monitoring device 310 according to the
embodiment, the acquisition unit 401 successively acquires
captured 1mages a plurality of times. The processing unit
404 detects face mformation and then executes tracking of
the face information 1n a case where the determination unit
402 determines that a captured 1mage corresponds to the first
image, and detects face information in different modes
according to a determination result 1n the determination unit
402 with respect to a captured 1mage acquired next by the
acquisition unit 401 without executing tracking of the face
information after detecting the face information 1n a case
where the determination unit 402 determines that the cap-
tured 1mage corresponds to the second 1mage. According to
this configuration, 1t can be appropnately switched whether
or not tracking is to be executed 1n the former case where a
portion of a face to be focused 1s easily defined to be
constant and thus tracking 1s easily executed and 1n the latter
case where a portion of a face to be focused 1s hardly defined
to be constant and thus tracking i1s hardly executed.

In the occupant monitoring device 310 according to the
embodiment, the determination unit 402 determines whether
a captured image acquired by the acquisition unit 401
corresponds to the first image or the second 1image based on
a learning 1mage including the immformation similar to the
captured 1image and the learned model 403 generated by
learning whether the learning 1mage corresponds to the first
image or the second image through machine learning.
According to this configuration, i1t 1s possible to easily
determine a captured image based on the learned model 403.

An occupant monitoring program executed in the occu-
pant monitoring device 310 according to the embodiment
may be provided or distributed via a network such as the
Internet. In other words, the occupant monitoring program
executed 1n the occupant monitoring device 310 according
to the embodiment may be provided mn a form of being
downloaded via a network 1n a state of being stored on a
computer connected to the network such as the Internet.

In the embodiment, two types of 1mages such as a mask
image and a sunglasses 1image are exemplified as examples
of the first image. However, 1n the embodiment, as the first
image, 1 addition to the two types of 1images, a mask-
sunglasses 1image representing a state 1n which a part of a
face 1s hidden by both a mask and sunglasses. Determination
of whether or not a captured 1image corresponds to a mask-
sunglasses 1mage may be executed, for example, before the
processing proceeds to S1007 after 1t 1s determined that the
captured image does not correspond to a normal 1mage in the
process 1n S1004 illustrated in FIG. 10. In a case where 1t 1s
determined that the captured image corresponds to the
mask-sunglasses 1mage, for example, the process proceeds
to S1106 1llustrated 1n FIG. 11, and the next control mode of
the processing unit 404 1s set to the 1mitial detection mode.
However, 1n this case, a learned model used to determine a
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captured i1mage 1s required to be generated as a model
enabling five types of images such as a normal 1mage, a
mask 1mage, a sunglasses image, a mask-sunglasses 1mage,
and a hiding image to be determined.

In the occupant monitoring device, 1n a case where the
determination unit determines that the captured image cor-
responds to the first image, the processing unit may detect
the face mformation based on one or more feature points
corresponding to a portion of the face not hidden by the
accessory among a plurality of feature points set in advance
for the whole face, and, in a case where the determination
unit determines that the captured image corresponds to the
second 1mage, the processing unit may detect the face
information based on the plurality of feature points. Accord-
ing to this configuration, 1n the former case where a portion
ol a face to be focused 1s easily defined to be constant, face
information can be appropriately detected by selectively
taking into consideration specific feature points correspond-
ing to a specific portion, and, in the latter case where a
portion of a face to be focused 1s hardly defined to be
constant, face information can be appropnately detected by
taking 1nto consideration all of a plurality of feature points
corresponding to the whole face.

In the occupant monitoring device, 1n a case where the
determination unit determines that the captured image cor-
responds to the second 1image, the processing unit may detect
separate face information according to a portion of the face
hidden by the non-accessory object. According to this con-
figuration, face information can be appropriately detected
according to a state in which a face 1s hidden by a non-
accessory object.

In this case, the processing unit may detect eye informa-
tion regarding an eye as the face information 1n a case where
the portion of the face hidden by the non-accessory object
does not include the eye, and detect mouth information
regarding a mouth as the face information in a case where
the portion of the face hidden by the non-accessory object
does not include the mouth. According to this configuration,
information regarding a portion of a face not hidden by a
non-accessory object can be appropnately detected as face
information.

In this case, the processing unit may detect expression
information regarding an expression as the face information
regardless of whether or not detection of the eye information
and the mouth information 1s successtul. According to this
configuration, even i1n a case where eye information and
mouth information are not detected, at least expression
information can be detected.

In the occupant monitoring device, 1n a case where the
determination unit determines that the captured image cor-
responds to the first image, the processing unit may detect
the face information based on a result of fitting between a
feature of the first image and a three-dimensional model
representing a structure including a three-dimensional shape
of the face of the occupant, and, 1n a case where the
determination unit determines that the captured image cor-
responds to the second 1image, the processing unit may detect
the face information based on only a feature of the second
image. According to this configuration, face information can
be detected 1n an appropriate mode depending on a situation
through switching of execution of fitting depending on a
situation.

In the occupant monitoring device, the acquisition umit
may successively acquire the captured image a plurality of
times, 1n a case where the determination unit determines that
the captured image corresponds to the first image, the
processing unit may detect the face information and then
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executes tracking of the face information, and, 1n a case
where the determination unit determines that the captured
image corresponds to the second 1image, the processing unit
may detect the face information and then detect the face
information in different modes according to a determination
result 1n the determination unit with respect to the captured
image acquired next by the acquisition unit without execut-
ing tracking of the face information. According to this
configuration, 1t can be appropriately switched whether or
not tracking 1s to be executed 1n the former case where a
portion of a face to be focused 1s easily defined to be
constant and thus tracking 1s easily executed and 1n the latter
case where a portion of a face to be focused 1s hardly defined
to be constant and thus tracking i1s hardly executed.

In the occupant monitoring device, the determination unit
may determine whether the captured 1mage acquired by the
acquisition unit corresponds to the first image or the second
image based on a learned model generated by learning a
learning 1mage including information similar to the captured
image and whether the learning 1image corresponds to the
first 1mage or the second image through machine learning.
According to this configuration, 1t 1s possible to easily
determine a captured 1mage based on a learned model.

As mentioned above, the embodiment of this disclosure
has been described, but the embodiment 1s only an example,
and 1s not intended to limit the scope of the invention. The
novel embodiment can be implemented in various forms,
and various omissions, replacements, and changes may
occur within the scope without departing from the concept
of the mvention. The embodiment and modifications thereof
tall within the scope or the concept of the invention, and also
fall within the invention disclosed in the claims and the
equivalents thereof.

The principles, preferred embodiment and mode of opera-
tion ol the present mvention have been described in the
foregoing specification. However, the mvention which 1s
intended to be protected 1s not to be construed as limited to
the particular embodiments disclosed. Further, the embodi-
ments described herein are to be regarded as illustrative
rather than restrictive. Vanations and changes may be made
by others, and equivalents emploved, without departing
from the spirit of the present invention. Accordingly, 1t 1s
expressly intended that all such vanations, changes and
equivalents which fall within the spirit and scope of the
present invention as defined in the claims, be embraced
thereby.

What 1s claimed 1s:

1. An occupant monitoring device comprising:

a processor configured to implement:

an acquisition umt that acquires a captured 1mage
obtained by imaging a region in which there 1s a
probability that a face of an occupant 1s present 1n a
vehicle:

a determination unit that determines whether the captured
image acquired by the acquisition unit corresponds to a
first image 1ncluding the face a part of which 1s hidden
by an accessory or a second 1mage including the face a
part of which 1s hidden by a non-accessory object other
than the accessory; and

a processing unit that detects face information regarding
the face of the occupant based on the captured image 1n
different modes according to a determination result 1n
the determination unit, and monitors a state change of
the face of the occupant based on a detection result,

wherein

in a case where the determination unit determines that the
captured 1mage corresponds to the first 1mage, the
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processing unit detects the face information based on
one or more feature points corresponding to a portion
of the face not hidden by the accessory among a
plurality of feature points set 1n advance for the whole
face, and
in a case where the determination umit determines that the
captured 1mage corresponds to the second image, the
processing unit detects the face information based on
the plurality of feature points.
2. The occupant monitoring device according to claim 1,
wherein
in a case where the determination unit determines that the
captured 1mage corresponds to the second image, the
processing umt detects separate face information
according to a portion of the face hidden by the
non-accessory object.
3. The occupant monitoring device according to claim 2,
wherein
the processing unit detects eye information regarding an
cye as the face information 1n a case where the portion
of the face hidden by the non-accessory object does not
include the eye, and detects mouth information regard-
ing a mouth as the face information in a case where the
portion of the face hidden by the non-accessory object
does not include the mouth.
4. The occupant monitoring device according to claim 3,
wherein
the processing unit detects expression information regard-
ing an expression as the face information regardless of
whether or not detection of the eye information and the
mouth information 1s successiul.
5. The occupant monitoring device according to claim 1,
wherein
in a case where the determination unit determines that the
captured 1mage corresponds to the first 1mage, the
processing unit detects the face information based on a
result of fitting between a feature of the first image and
a three-dimensional model representing a structure
including a three-dimensional shape of the face of the
occupant, and
in a case where the determination unit determines that the
captured 1mage corresponds to the second image, the
processing unit detects the face information based on
only a feature of the second 1mage.
6. The occupant monitoring device according to claim 1,
wherein
the acquisition unit successively acquires the captured
image a plurality of times,
in a case where the determination unit determines that the
captured 1mage corresponds to the first 1mage, the
processing umt detects the face information and then
executes tracking of the face information, and
in a case where the determination unit determines that the
captured 1mage corresponds to the second image, the
processing unit detects the face information and then
detects the face information 1n different modes accord-
ing to a determination result 1n the determination unit
with respect to the captured image acquired next by the
acquisition unit without executing tracking of the face
information.
7. The occupant monitoring device according to claim 1,
wherein
the determination unit determines whether the captured
image acquired by the acquisition unit corresponds to
the first image or the second 1image based on a learned
model generated by learning a learning image including,
information similar to the captured image and whether
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the learning 1mage corresponds to the first image or the
second 1mage through machine learning.

8. An occupant monitoring method comprising:

an acquisition step of acquiring a captured image obtained
by 1imaging a region 1n which there i1s a probability that
a face of an occupant 1s present 1 a vehicle;

a determination step of determining whether the captured
image acquired 1n the acquisition step corresponds to a
first image 1ncluding the face a part of which 1s hidden
by an accessory or a second 1mage including the face a
part of which 1s lidden by a non-accessory object other
than the accessory; and

a processing step of detecting face information regarding,
the face of the occupant based on the captured 1image 1n
different modes according to a determination result 1n
the determination step, and monitoring a state change
of the face of the occupant based on a detection result,

wherein

in a case where the determination step determines that the
captured 1mage corresponds to the first 1mage, the
processing step detects the face mnformation based on
one or more feature points corresponding to a portion
of the face not hidden by the accessory among a
plurality of feature points set 1n advance for the whole
face, and

in a case where the determination step determines that the
captured 1mage corresponds to the second image, the
processing step detects the face mnformation based on
the plurality of feature points.

9. An occupant monitoring program stored on a non-
transitory computer readable medium configured to cause a
computer to execute:

an acquisition step of acquiring a captured image obtained
by 1imaging a region 1n which there i1s a probability that
a face of an occupant 1s present 1 a vehicle;

a determination step of determining whether the captured
image acquired 1n the acquisition step corresponds to a
first image 1ncluding the face a part of which 1s hidden
by an accessory or a second 1mage including the face a
part of which 1s hidden by a non-accessory object other
than the accessory; and

a processing step of detecting face information regarding,
the face of the occupant based on the captured 1image 1n
different modes according to a determination result 1n
the determination step, and monitoring a state change
of the face of the occupant based on a detection result,

wherein

in a case where the determination step determines that the
captured 1mage corresponds to the first 1mage, the
processing step detects the face mnformation based on
one or more feature points corresponding to a portion
of the face not hidden by the accessory among a
plurality of feature points set 1n advance for the whole
face, and

in a case where the determination step determines that the
captured 1mage corresponds to the second image, the
processing step detects the face mnformation based on
the plurality of feature points.

10. The occupant monitoring device according to claim 1,

wherein

in a case where the determination unit determines that the
captured 1mage corresponds to the second image, the
processing unit detects separate face information
according to a portion of the face hidden by the
non-accessory object.

11. The occupant monitoring device according to claim 1,

wherein
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in a case where the determination unit determines that the
captured i1mage corresponds to the first 1mage, the
processing unit detects the face information based on a
result of fitting between a feature of the first image and
a three-dimensional model representing a structure
including a three-dimensional shape of the face of the
occupant, and
in a case where the determination unit determines that the
captured 1mage corresponds to the second image, the
processing unit detects the face information based on
only a feature of the second 1mage.
12. The occupant monitoring device according to claim 1,
wherein
the acquisition unit successively acquires the captured
image a plurality of times,
in a case where the determination unit determines that the
captured 1mage corresponds to the first 1mage, the
processing umt detects the face information and then
executes tracking of the face information, and
in a case where the determination umit determines that the
captured 1mage corresponds to the second image, the
processing umt detects the face information and then
detects the face information 1n different modes accord-
ing to a determination result 1n the determination unit
with respect to the captured image acquired next by the
acquisition unit without executing tracking of the face
information.
13. The occupant monitoring device according to claim 1,
wherein
the determination unit determines whether the captured
image acquired by the acquisition unit corresponds to
the first image or the second 1image based on a learned
model generated by learning a learning 1mage including
information similar to the captured image and whether
the learning 1image corresponds to the first image or the
second 1mage through machine learning.
14. The occupant monitoring device according to claim 2,
wherein
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in a case where the determination unit determines that the
captured 1mage corresponds to the first 1mage, the
processing unit detects the face information based on a
result of fitting between a feature of the first image and
a three-dimensional model representing a structure
including a three-dimensional shape of the face of the
occupant, and

in a case where the determination unit determines that the
captured 1mage corresponds to the second image, the
processing unit detects the face information based on
only a feature of the second 1mage.

15. The occupant monitoring device according to claim 2,

wherein

the acquisition unit successively acquires the captured
image a plurality of times,

in a case where the determination unit determines that the
captured i1mage corresponds to the first 1mage, the
processing unit detects the face mmformation and then
executes tracking of the face information, and

in a case where the determination unit determines that the
captured 1mage corresponds to the second image, the
processing umt detects the face information and then
detects the face information 1n different modes accord-
ing to a determination result 1n the determination unit
with respect to the captured image acquired next by the
acquisition unit without executing tracking of the face
information.

16. The occupant monitoring device according to claim 2,

wherein

the determination unit determines whether the captured
image acquired by the acquisition unit corresponds to
the first image or the second 1mage based on a learned
model generated by learming a learning 1mage including
information similar to the captured image and whether
the learning 1image corresponds to the first image or the
second 1mage through machine learning.
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